INTRODUCTION {#s1}
============

The prevalence of depression and other mental disorders has been a major public health problem in every part of the world[@r1], [@r2]^)^. Mental health problems, mainly caused by stress, affect at least one out of every four people[@r2], [@r3]^)^. In addition, the deterioration of mental health has become a serious phenomenon, as various research evidence indicates that it leads to an increased risk for various diseases, including cardiovascular disease and diabetes[@r4]^)^. This can be seen especially in older adults, whereby their inability to adapt to the demands of the modern lifestyle has led to a decline in their physical and physiological functioning, thus resulting in depression[@r5]^)^.

The guideline for promoting health is to exercise a minimum of 150 minutes at moderate intensity or 75 minutes at vigorous intensity over 3 to 5 days per week[@r6], [@r7]^)^. The relationship between physical activity and depression has been widely investigated, with the results indicating that increase in physical activity could be used as an alternative treatment in comparison to medication to improve mental health[@r5], [@r8],[@r9],[@r10]^)^. These studies show that overall physical activity level, in terms of intensity and duration of physical activity, may improve mental health and depressive symptoms.

Brain-derived neurotrophic factor (BDNF), which is the most abundant neurotrophic factor in the brain, is often seen to be lower in serum BDNF concentrations in older adults and patients with depression[@r11], [@r12]^)^. Although decreased BDNF resulted in memory impairment, increased risk for depression, and hippocampus degeneration[@r13],[@r14],[@r15]^)^, a systematic review reported that physical activity could increase the brain blood flow, thus increasing the synthesis and release of BDNF[@r16]^)^. These findings show that BDNF concentrations can be manipulated such that increasing them may reduce the risk of depression. In addition, a decrease in serotonin concentration has been associated with depression[@r17]^)^. Previous research showed that the circulating concentrations of serotonin in postpartum depression patients were significantly lower compared to non-depressed persons[@r18]^)^. Therefore, it is suggested that the circulating concentrations of BDNF and serotonin are considered as biomarkers for depression. Moreover, some studies have indicated that oxidative stress and antioxidant capacity can be new biological markers for depression[@r19],[@r20],[@r21]^)^. Oxidative stress is caused by the imbalance between the reactive oxygen species (ROS) and antioxidant capacity, which leads to various diseases, including atherosclerosis, cardiovascular and neurodegenerative diseases[@r22],[@r23],[@r24]^)^. Depression and aggravation of mental health are associated with the activation of innate immune responses and mild systemic inflammation[@r25], [@r26]^)^. As activated inflammation responses increase the production of ROS, it is possible that depression may lead to increased oxidative stress by promoting inflammatory pathways.

Despite the fact that many studies have shown that a well-controlled exercise training has a positive effect on mental health and depression, studies on daily physical activity under free-living conditions are still lacking. In addition, research on the effect of daily physical activity on depression biomarkers and on oxidative stress markers as depression markers is scarce. Postmenopausal women in particular do not experience the protective antioxidant benefits and anti-inflammatory effects of estrogen, and are therefore likely to face an increased risk of disease related to oxidative stress such as cardiovascular disease, diabetes, and depression[@r27], [@r28]^)^. From the perspective of prevention of depression, it is important to examine the effects of increased daily physical activity on mental health and depression biomarkers in postmenopausal women. Therefore, the purpose of this study was to investigate the effect of increased daily physical activity on depression biomarkers (i.e. BDNF and serotonin) as well as oxidative stress and antioxidant capacity in postmenopausal women.

PARTICIPANTS AND METHODS {#s2}
========================

Thirty-eight healthy postmenopausal females (age, 70.2 ± 3.9) were randomly assigned to either a control group (n=19) or an active group (n=19). The exclusion criteria included those who are on medication, have been diagnosed with depression, diabetes (hyperglycaemia), dyslipidaemia and disability through medical examination, and those who had already participated in another research intervention programme. One participant was excluded from the study and data analysis because she did not participate in the evaluation after the intervention. Prior to the study, informed consent from each participant was obtained after a detailed description of the study (i.e. purpose, methods, and risk) was delivered. The study was conducted according to the guidelines laid out in the Declaration of Helsinki and all procedures involving human participants were approved by the Research Ethics Committee for Human Research of Waseda University (approval number: 2014-271).

The participants in the active (PA) group were asked to increase their physical activities above their usual lifestyle under free-living condition, whereas the control group maintained their daily lifestyle. The anthropometric variables were measured 2 weeks before (Baseline) and after the study. Body height was measured to the nearest 0.1 cm using a wall-mounted stadiometer (YS-OA, As One Co., Japan), and body mass was measured to the nearest 0.1 kg using a digital scale (Inner Scan 50, Tanita Co. Japan). Body mass index (BMI) was calculated using the weight in kilograms divided by height squared in metres. Waist circumference was measured to the nearest 0.1 cm using a flexible plastic tape at the level of the umbilicus. Arterial blood pressure was measured from the right arm of the participants while in a seated position by using an automatic blood pressure monitor (HEM-7322; OMRON Co. Japan). Participants were seated in a chair for 5 minutes before blood pressure was measured. At least two measurements were taken at each time point, and the mean of these values was recorded.

In order to determine daily physical levels, participants were asked to wear a uniaxial accelerometer (Active style Pro HJA-750C, Omron Healthcare Kyoto, Kyoto) each day at all times from rising in the morning until going to bed in the evening except during shower times. To ensure that seasonality was not an issue, accelerometers were collected simultaneously from all the participants. By measuring the magnitude and frequency of the acceleration, the device determines the level of intensity (metabolic equivalents: METs) generated by activity every 10 seconds from 0--9 METs (i.e. where 0 is the lowest and 9 is the highest). The data were only considered valid from the participants who wore the accelerometer for at least a total of 10 hours (600 minutes) daily for at least 4 weekdays and a weekend day. The duration of moderate to vigorous physical activity (MVPA) was calculated on a daily basis and used to estimate weekly activity by calculating a weighted average of daily weekday and weekend activity (i.e. weekly MVPA=\[average daily weekday MVPA × 5\] + \[average daily weekend MVPA × 2\]). All minutes recorded that were ≥3 METs were classified as MVPA.

As for mental health assessment, the measurement was conducted using a simplified version of the Geriatric Depression Scale (GDS). Blood samples were obtained at baseline and at the end of the study. The day prior to collecting the blood samples, the participants were required to refrain from any strenuous exercise and fast for at least 10 hours overnight. Fasting venous blood samples were collected at 8−9 a.m. the following day by a contracted public health nurse. After collection, blood samples were allowed to clot for at least 30 minutes at room temperature and centrifuged at 3,000 rpm for 10 minutes at 4 °C. Obtained (serum samples) were transferred into tubes and stored at −80 °C until the day of assay. Serum BDNF and serotonin were measured using assay kits from R&D Systems (Minneapolis, USA). Serum concentrations of derivatives of reactive metabolites (d-ROMs) and biological antioxidant potential (BAP) were measured using assay kits from Diacron (Grosseto, Italy). Serum hexanoyl lysine (HEL) was measured using a commercial enzyme-linked immunosorbent assay (ELISA) from Nikken Seil Co. Ltd. (Tokyo, Japan). Concentrations of plasma thioredoxin (TRX) were also evaluated using commercial ELISA kit from Immuno-Biological Laboratories Co., Ltd. (Gunma, Japan).

All statistical analyses were performed using Predictive Analytics Software (PASW) SPSS Statistic version 21.0 (SPSS Japan Inc., Tokyo, Japan). The normality of the data was analysed using the Kolmogorov-Smirnov test and a two-way analysis of variance (ANOVA) was used to determine the changes in values between the 2 groups at baseline and after 8 weeks; (group \[control and PA groups\] × time \[Baseline and 8 weeks\]). When there was a significant interaction observed, the Bonferroni test (multiple comparison test) was used for post-hoc comparisons. Statistical significance was set at p\<0.05. All data are presented as mean ± standard deviation (SD) of the mean values.

RESULTS {#s3}
=======

[Table 1](#tbl_001){ref-type="table"}Table 1.The change of physical characteristics and physical activity at baseline and after 8 weeksActive (n=19)Control (n=19)Baseline8 weeksBaseline8 weeksHeight (cm)152.3 ± 4.4-152.5 ± 5.2-Weight (kg)57.3 ± 8.757.2 ± 8.751.9 ± 7.051.6 ± 7.0BMI (kg/m^2^)24.7 ± 3.524.7 ± 3.522.1 ± 2.622.8 ± 3.9Systolic blood pressure (mmHg)140.2 ± 19.6134.5 ± 20.9146.7 ± 25.7135.0 ± 19.5Diastolic blood pressure (mmHg)84.3 ± 10.482.5 ± 11.784.6 ± 13.981.3 ± 8.3GDS3.7 ± 2.62.9 ± 1.73.6 ± 3.02.9 ± 2.6Step Count (steps/day)6,043.0 ± 3,027.67,978.0 ± 3,784.5\*\*6,157.0 ± 2,997.25,527.0 ± 2,853.6MVPA (min/day)77.3 ± 24.485.1 ± 31.8\*77.4 ± 34.480.7 ± 36.5Data are shown as mean ± standard deviation value.BMI: body mass index; GDS: geriatric depression score; MVPA: moderate to vigorous physical activity.\*p\<0.05, \*\*p\<0.001 significantly different from the baseline in the same group. shows the changes of physical characteristics and physical activity before and after 8 weeks of intervention. In the two-way ANOVA test, significant differences were only found in step count and MVPA. The analysis also showed that there was a significant interaction effect for step count (p\<0.01) and main effect of time (p\<0.05) for both step count and MVPA. [Table 2](#tbl_002){ref-type="table"}Table 2.Results of blood parameters at baseline and after 8 weeksActive (n=19)Control (n=19)Baseline8 weeksBaseline8 weeksBDNF (pg/ml)2,0764.7 ± 8,637.82,4252.3 ± 6,530.7\*2,1962.3 ± 8,049.72,0351.8 ± 6,182.7Serotonin (ng/ml)13.9 ± 0.915.0 ± 1.3\*15.3 ± 1.314.8 ± 1.3d-ROMs (U/CARR)386.0 ± 63.9373.3 ± 63.5329.9 ± 64.8374.9 ± 57.0HEL (nmol/L)174.2 ± 88.7188.3 ± 94.4202.1 ± 9.9210.2 ± 68.3BAP (µM)2,047.7 ± 143.12,116.6 ± 209.72,039.9 ± 207.12,200.3 ± 189.7TRX (ng/ml)182.7 ± 19.1428.9 ± 146.6167.8 ± 48.3500.6 ± 209.2Data are shown as mean ± standard deviation value.BDNF: brain-derived neurotrophic factor; d-ROMs: derivatives of reactive oxygen metabolites; HEL: hexanoyl lysine; BAP: biological antioxidant potential; TRX: thioredoxin.\*p\<0.05, significantly different from the baseline in the same group. shows the results of BDNF, serotonin, serum oxidative stress markers and antioxidant capacity levels before and after 8 weeks of intervention. The analysis showed that there was also a significant interaction effect for BDNF concentrations (p\<0.05) and serotonin (p\<0.01).

DISCUSSION {#s4}
==========

The present study examined the effect of 8 weeks of daily physical activity on mental health and depression biomarkers in postmenopausal women. The study showed that 8 weeks of daily physical activity increased the amounts of steps, MVPA, BDNF, and serotonin concentrations under free choosing of physical activity. These findings suggest that increased daily physical activity can be effective in preventing depression in older adults by improving depression biomarkers.

Increased physical activity through cumulative logging of step count has been a key factor in promotion and maintenance of mental health such as reduced depression and anxiety, better self-esteem and health-related quality of life and efficient stress management[@r29],[@r30],[@r31]^)^. Our findings showed that daily physical activity intervention for 8 weeks significantly increased the step counts. As seen from the [Table 2](#tbl_002){ref-type="table"}, the step count of the PA group increased after the 8 weeks and was more likely to reach the 10,000 step-per-day thresholds. The value of 10,000 step-per-day is gaining popularity especially in Japan, and is approximately equivalent to the energy expenditure of 300 to 400 kilocalories-per-day[@r32]^)^.

In addition, physical activity intervention for 8 weeks significantly increased the amount of time of MVPA. Many previous studies have shown the association between time spent in both short and long MVPA and cardiovascular health as well as mental health. A study on the Swedish population reported that both low physical activity (LPA) and MVPA had a positive effect on depression, however, only MVPA was significantly associated with lowering anxiety symptoms. This study also found that moderate-intensity activity was primarily related to emotional well-being in women, whereas in men vigorous intensity activity was more related to decreased anxiety[@r33]^)^. In the present study, all the participants were postmenopausal women. In fact, the participants performed domestic housekeeping, including cleaning, cooking, and laundry, as well as daily physical activity, including walking and line dancing. Therefore, our finding of MVPA was consistent with the previous study.

Based on previous studies, a decreased risk of depression and improvement in mental health were greatly associated with periodic exercise training and an increase in physical activity[@r34]^)^. In this study, there was no significant difference between groups on the depression score using the GDS. During the pre-intervention phase, 7 people from each group had a GDS score in the 5−9 range, which indicates the possible presence of a pre-depressive state. However, after the 8-week intervention, 6 people in the control group remained in the 5--9 range whereas only 3 people in the PA group still had scored in this range. Although there was no significant difference, these findings indicated that the participants with higher GDS scores could benefit from increasing their daily physical activity.

In the present study, increased daily physical activity significantly increased the serum BDNF concentrations in postmenopausal women. BDNF has been shown to be associated with memory impairment and depression especially in older adults[@r13]^)^. Although a decrease in BDNF concentration with age is inevitable, many past studies have demonstrated that acute or chronic exercise could increase BDNF concentration and thereby reduce depression symptoms in older adults[@r35],[@r36],[@r37],[@r38],[@r39]^)^. In a previous study that involved 106 older female adults, participants who performed aerobic exercise 50 minutes, 3 times per week for 3 months showed a significant increase in BDNF concentrations and improvement in depression symptoms compared to the group who made no changes in their lifestyle[@r40]^)^. From the perspective of lowering physical function and decreasing high-intensity physical activity with ageing, it is important to increase the concentrations of BDNF by increasing physical activity aside from exercising in older adults.

Ageing has been associated with impairment in brain serotonin transmission, which could contribute to depression[@r41]^)^. To combat depression, many researchers have turned to exercise as a therapeutic tool whereby it could reduce the sensitivity of serotonin receptors in certain brain areas that affect mood and social behaviour[@r42]^)^. A study with 16 older adult men who performed acute aerobic exercise demonstrated an increase in plasma tryptophan, which is a precursor of serotonin, in a 16-week intervention[@r41]^)^. In a study that examined the association of the intensity of physical activity and serum serotonin showed that there was a significant linear relationship between the intensity of exercise (i.e. low, moderate, and high) and serum serotonin[@r43]^)^. Our results also showed that the daily physical activity intervention significantly increased the serum serotonin concentration. However, one study found that there was a decrease in serotonin and depression after the administration of anti-depressant medication[@r44]^)^. Another study reported that those who were in an exercise group had a larger percentage of decrease in serotonin compared to a stretching group after a 7-week high-intensity stationary cycling intervention[@r45]^)^. The researchers suggested that the decrease in serotonin concentration could be due to uptake by the platelets as a consequence of the action of selective serotonin reuptake inhibitors[@r44], [@r45]^)^. Although our study showed there was a significant increase in serotonin concentration, this suggests that physical activity could indeed increase serotonin concentration, and in a longer duration, could combat depression and other mental health disorders once the platelets uptake the serotonin.

Some studies have shown that elevated oxidative stress was associated with the development of depression and indicated the potential of peripheral biomarkers of depression[@r20], [@r21], [@r25]^)^. In fact, one study reported an association between oxidative stress and depressed mood in a large sample of community-dwelling older adults[@r46]^)^. Although we evaluated the effects of daily physical activity on oxidative stress status including antioxidant capacity, there were no significant intervention effects for these parameters. One possible reason is that our intervention mainly focused on daily based physical activity such as walking and housekeeping. On the other hand, systematic exercise training improved the oxidative stress status by increasing antioxidant capacity, as well as improved mental health or depression[@r47],[@r48],[@r49]^)^. A previous study showed that adding a 3-week exercise programme to the usual treatment of severely depressed inpatients decreased serum oxidative stress levels[@r36]^)^. Thus, the intensity of physical activity and exercise during the intervention period may be not enough for improving oxidative stress status.

There are several limitations in this study. First, the participants in this study were mostly mentally healthy, potentially causing the GDS score to be insignificant. Secondly, although the participants in both groups were asked to maintain their lifestyle, it is unclear whether their average diet, sleep time and sleep quality changed during the intervention period. In the near future, we need to conduct daily physical activity intervention considering these factors in older adults.

In conclusion, the findings from the present study suggest that increasing daily physical activity could be effective in improving depression biomarkers. This may be useful for the prevention of depression in older adults.
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